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Since the 1990s the wild boar (*Sus scrofa scrofa*) population has increased remarkably in most areas of Europe, including Poland \[[@CR1], [@CR2]\]. At present, wild boars move from their primary forest habitat to settling into the agricultural landscape. This results in an increased risk of infectious diseases spreading from wild boars to domestic pigs (*Sus scrofa domestica*) and vice versa. For gastrointestinal nematodes (GINs), this would be of particularly concern if they are zoonotic. The transmission of GINs between wild and domestic suids may especially be enhanced by the extensive animal husbandry implemented in Poland in the form of organic production and agritourism farms. Therefore, the study aimed to compare the worm burden of free-ranging wild boars originating from the two habitats (agricultural lands and primary forests) to investigate if wild boars living in agricultural environments could become infected with GIN species commonly occurring in domestic pigs.

The Polish Hunting Law \[[@CR3]\] defines arable lands are areas with less than 40% of forest, whereas forested areas have at least 40% of forest. The wild boars originated from six hunting districts: four representing arable land habitats (average forest cover 1--23.5%; most animals were harvested near Miechów---9.5% of forest cover), and two forested ones, located in the Niepołomice and Dulowa Primeval Forests (average forest cover of 96.6% and 68.7%, respectively) (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Geographical location of the Polish agricultural (I--II) and forest (III--VI) hunting districts of the harvested wild boars. Hunting grounds: I---Miechów (50° 21′ 23″ N, 20° 01′ 40″ E), II---Dąbrowa Tarnowska (50° 10′ 28″ N, 20° 59′ 10″ E), III---Dulowa Primeval Forest (50° 7′ 27″ N, 19° 31′ 13 E″), IV---Niepołomice Primeval Forest (50° 01′ 44″ N, 20° 20′ 44″ E), V and VI --Myślenice (49° 50′ 01″ N, 19° 56′ 17″ E). Digits represent the number of wild boars collected in arable lands (blue color) or forests (green)

A total of 57 wild boars were shot during three consecutive hunting seasons (from December to January of 2011--2014) and examined post-mortem. The entire digestive tract was removed from the carcass \[[@CR4]\], whereafter all isolated nematodes were identified by their morphological features \[[@CR5]--[@CR7]\]. Initially, the alimentary tract was divided into three compartments, i.e. stomach, small, and large intestine; individual segments were then cut longitudinally and the entire content was washed out on a 125 μm sieve. The material gathered on the sieve was flushed with a solution of physiological saline into a 500 mL container. Subsequently, the solution was poured out onto a black tray and the helminths were collected from the suspension. Additionally, the mucus membrane of the stomach and small intestine was scraped (after being rinsed with warm water) using a blunt knife, then flushed onto a sieve and examined under a dissecting microscope. The collected nematodes were preserved in 70% ethanol, transferred onto glycerine-based microscopic slides, and then identified by the dimensions and shape of the body, buccal capsule (for oesophagostomins, the number of leaves in the *corona radiata* was counted), oesophagus and tail, using previously published descriptions \[[@CR5]--[@CR7]\]. Based on tooth eruptions and replacement patterns \[[@CR8]\], the wild boars were categorized into age groups: juveniles (\< 1 year old) and adults (≥ 1 year old).

Prevalence (P), mean intensity (I), and mean abundance (A) of GIN infections were calculated according to Bush et al. \[[@CR9]\]. The Quantitative Parasitology Web \[[@CR10]\] was used to compare the prevalence of infection (Pearson's chi-squared test), or the quantitative I and A variables of infection, in relation to the wild boars' site of origin, sex, and age group. Furthermore, the similarities between the parasite communities in hosts from different habitats were compared using the Bray--Curtis cluster method to obtain a group average link on the non-standardized, non-transformed data (the intensity of infection used as the input data) in the BioDiversity Professional program \[[@CR11]\].

GINs were present in all animals from the forest sites (n = 31), and in 24 out of 26 wild boars from the arable lands (Table [1](#Tab1){ref-type="table"}). Hence, GINs occurred in 96.5% of the wild boars examined. The mean number of GINs per animal was 68.9 (range 1--381), and the animals were infected with one to four species each. Altogether, seven species of GINs were detected. In the stomachs, *Ascarops strongylina* and *Physocephalus sexalatus* of the Spirurida order were found while in the intestines, *Ascaris suum*, *Trichuris suis*, and *Globocephalus urosubulatus*, *Oesophagostomum dentatum* and *Bourgelatia diducta* were detected.Table 1Gastrointestinal nematode infection (P, %---prevalence, I---mean intensity, R---range, A---mean abundance) in wild boars by hunting areaHunting area and number of wild boars (n)*Ascarops strongylinaPhysocephalus sexalatusGlobocephalus urosubulatusAscarissuumTrichurissuisOesophagostomum dentatumBourgelatia diducta*Forest sites (n = 31^a^) P (%)82.6^b^87.093.5^b^6.5^b^48.4^b^0.019.4 I26.532.579.11.08.10.04.8 R1--712--1912--31211--53^b^01--11 A21.9^b^28.274.0^b^0.1^b^3.90.00.9Arable lands (n = 26) P (%)3.8^c^0.07.7 ^c^61.5^c^84.6^c^3.823.1 I2.00.013.01.64.226.03.2 R2011--151--51-23^c^261--6 A0.1^c^0.01.0^c^1.0^c^3.51.00.7^a^Eight animals from forest sites, i.e. a female \< 1 year, two males \< 1 year, and five males ≥ 1 year old were obtained without stomachs, which was taken into account when estimating the infection of wild boars with *A. strongylina* and *P. sexalatus*---the gastric parasite species^b,\ c^In same column, different superscript letters between particular infection rates (P, R, or A) mean significant difference at P \< 0.05

The comparison of parasitological data from the different habitats are shown in Table [1](#Tab1){ref-type="table"}. Apart from the absence of *O. dentatum* in the wild boars from forest areas, the GINs which significantly prevailed there, were the Ascaropsinae and the blood-sucking *Globocephalus* (P \< 0.05). In contrast, in the arable lands, the wild boars were significantly (P \< 0.05) much more infected by GINs that commonly occur in domestic pigs, i.e. *A. suum* and *T. suis*. *Bourgelatia diducta* was observed in wild boars irrespective of the habitat.

The differences between the habitats are illustrated in Fig. [2](#Fig2){ref-type="fig"}. The cluster analysis confirmed the qualitative and quantitative differences of the GINs community structure in the wild boars representing the two considered habitat types. The core of the community was clearly divided into two groups (6% of similarity): the first formed by wild boars originating from only the forest habitat; and the second which was divided (16.75% of similarity) into two subgroups: one containing wild boars from the forest, and one of wild boars mostly from arable land.Fig. 2Cluster analysis dendrogram of gastrointestinal nematode species composition in wild boars from different habitats, based on Bray--Curtis similarity index (a group average link, the intensity of infection as the input data). "Dul", "Mie", "Mys", "Tar" placed behind the numbers stand for animals originating from the hunting districts in Dulowa, Miechów, Myślenice, and Dąbrowa Tarnowska, respectively. Animals (n = 47; two uninfected, eight from Niepołomice without stomach) from the arable habitats are shown in blue color; those from forest areas are indicated by green color

As regards the age group and sex of the animals, there were no statistical differences in GIN infections, although males (n = 29, including 18 adult ones) seemed to have higher parasitic burden than females (n = 28, including 13 adults), and adults (n = 31) harboured more GIN specimens than juveniles (n = 26), apart from the roundworm *A. suum* and whipworm *T. suis*---a finding probably linked to their immunogenicity \[[@CR12]\].

In Poland, suids are generally the hosts of nine GIN species: *A. strongylina*, *P. sexalatus*, *Strongyloides ransomi*,*G. urosubulatus*, *A. suum*, *T. suis*, *O. dentatum*, *Oesophagostomum quadrispinulatum* and *B. diducta* \[[@CR5], [@CR13]--[@CR16]\], although so far *S. ransomi* and *O. quadrispinulatum* have been observed exclusively in domestic pigs, and *A. strongylina*, *G. urosubulatus* and *B. diducta* solely in wild boars. The nematode *Hyostrongylus rubidus*, occurring in neighboring Germany \[[@CR17]\] and other European countries \[[@CR18]\], has never been reported in Poland.

In the present study, the higher prevalence of wild boar in agricultural habitats being infected with *A. suum* and *T. suis* was probably caused by contamination of arable lands with the eggs of these parasites. The eggs of these species are often found in organic fertilizers, and are characterized by a very high viability and resistance to environmental factors \[[@CR19]\]. The eggs can also be spread along with surface waters \[[@CR20]\], which should cause concern, especially due to the zoonotic potential of roundworms \[[@CR21]\]. On the other hand, the eggs and larval stages of *Oesophagostomum* spp. are less resistant to environmental breakdown \[[@CR22]\]. Environmental inactivation may therefore explain the observed low prevalence of *Oesophagostomum* spp. infection in wild boars as *Oesophagostomum* spp. are also common in domestic pigs.

Unlike in the wild boars from arable lands, *G. urosubulatus*, *A. strongylida* and *P. sexalatus* dominated the GIN fauna of wild boars from the forests. Forests have better conditions for coprophagic beetles, which are the intermediate hosts of the Spirurida, while the insects on arable lands are probably reduced in numbers by the insecticides used to protect plants. The difference in the burden of *G. urosubulatus* infections (Table [1](#Tab1){ref-type="table"}) may result from a higher density of hosts in forests (1.7 individuals per 100 ha, compared with 0.6 on arable lands), or the higher humidity and thermal stability in forest areas, which favor larval survival \[[@CR23]\].

The cause of lack of *O. dentatum* infection in the wild boars in forests with concomitant presence of *B. diducta* in wild boars from both types of habitats remains hypothetical, but it may be due to the existence of antagonistic interactions between these related GIN species. It is known from regions where *B. diducta* is endemic that co-infections with other GINs occur \[[@CR24], [@CR25]\]. Nevertheless, taking into account the process of the adaptation of a recently introduced nematode to a new host, it can be assumed that *B. diducta* will also affect the native parasite populations of *S. scrofa* \[[@CR16]\].

Until now, there has been a lack of comparative studies on the parasitic fauna of wild boars inhabiting adjacent and distinct forest and agricultural habitats. Rather, researchers have focused on the differences between the parasitic fauna of free-ranging and farmed wild boars \[[@CR14]\]. Furthermore, the level of wild boar infection differs in various regions due to e.g. latitude, geographical isolation of the population, presence of larger predators influencing population density, or because of age differences of the host \[[@CR26]--[@CR28]\]. The parasitic fauna of wild boars may also change depending on alterations in environmental conditions.

Although there is a strict focus on effective biosecurity systems in the pig industry due to the risk of transmission of African swine fever \[[@CR29]\], also parasites may be spread to domestic pigs, e.g. through a wide variety of biological mechanisms (earthworms, insects, rodents) \[[@CR30]\], or mechanically.

An important factor favoring spread of GINs among wild boars is the density of the host population. Therefore, wild boar husbandry in enclosures, agritourism farms holding various species of animals and organic pig management are all systems at high risk of having *Bourgelatia* introduced. Introduction of the GINs could be very harmful in managed or farmed game animals or swine production in Poland.

In conclusion, significant differences in the GIN spectra among wild boars living in forest and arable habitats in Poland were observed. The results suggest that transmission of GINs from domestic pigs to wild boars may occur. This is of particular importance for *A. suum* and *T. suis*, which are both zoonotic. Transmission from wild boars to domestic pigs seems not to occur in the study area due to the confinement of pigs in housing.
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